meadows in Korea, China, and Japan. F. japonicum is a beautiful foliage plant with angular, thick, dark green leaves. The young leaves are covered with grey-brown hairs. The typical species has glossy all-green leaves; however, several cultivars exist with heart-shaped leaves that are randomly spotted with yellow dots. In addition, F. japonicum has yellow flowers in mid-autumn. Many F. japonicum cultivars have been developed and are currently cultivated worldwide 11) . In Korea, all parts of these plants, called 'Yeon-Bong-Cho', have been used as an ingredient in folk remedies for antipyretic, eczema, cough, wound healing, bronchitis, lymphadenitis, diarrhea, and alexipharmic of fish poison. Recently, the essential oil of Korean plants has been found to possess several medicinal functions including antioxidant effects and antimicrobial activity against several microorganisms 12, 13) . However, to the best of our knowledge, there have been no studies on the essential oil of F. japonicum. Therefore, in the present study, its possible effectiveness for cosmetic materials was investigated. In this study, the chemical composition of the hydrodistilled essential oil from F. japonicum was analyzed by gas chromatography-mass spectrometr y (GC-MS), and the effects of the essential oil on nitric oxide (NO) and prostaglandin E 2 (PGE 2 ) production in lipopolysaccharide (LPS)-activated RAW 264.7 macrophages were investigated. In addition, the cytotoxicity of the essential oil against human dermal fibroblast and keratinocyte HaCaT cells was also examined.
EXPERIMENTALS

1
An ethnobotanical survey was conducted in the Namwon area of Jeju Island in November 2007. Voucher specimens were identified by Dr. G. P. Song and deposited in the herbarium of the Jeju Biodiversity Research Institute (JBRI).
2
The essential oil of F. japonicum was extracted by hydrodistillation as described by Kim et al. 13) Briefly, approximately 1 kg of fresh F. japonicum flower was immersed in 4 L of distilled water in a 10-L three-neck flask. Steam distillation was carried out for 12 h at atmospheric pressure. Gas chromatographic analysis was performed on a Hewlett-Packard 5890 gas chromatograph equipped with a polar Supelcowax column (30 m 0.25 mm 0.25 mm), an apolar DB-1HT column (30 m 0.25 mm) and a split-splitless injection port (split mode). The temperature was set at 40 for 5 min, ramped to 210 at 10 /min and held at 250 for 28 min. The compounds were identified by their retention indices on both columns and by GC-MS using a Hewlett-Packard MSD 5972 mass spectrometer at 70 eV coupled to an HP 5890GC equipped with a DB-1HT column (30 m 0.32 mm 0.1 mm). The retention indices and mass spectrum of each compound were compared with those in the literature.
3
The murine macrophage cell line RAW 264.7 was purchased from the Korean Cell Line Bank (KCLB; Seoul, KOREA). RAW 264.7 cells were cultured in Dulbecco's modified Eagle's medium (DMEM; GIBCO Inc., NY, USA) supplemented with 100 U/mL of penicillin, 100 mg/mL of streptomycin and 10% fetal bovine serum (FBS; GIBCO Inc., NY, USA). The cells were incubated in an atmosphere of 5% CO 2 at 37 and were subcultured every 3 days.
4
RAW 264.7 cells (1.5 10 5 cells/mL) plated in 96well plates were pre-incubated for 18 h and then treated with LPS (1 mg/mL) plus F. japonicum essential oil (25, 50, and 100 mg/mL) at 37 for 24 h. The release of lactate dehydrogenase (LDH) from RAW 264.7 cells was used to detect cytotoxicity and was measured at the end of each proliferation experiment. LDH leakage is a means of measuring membrane integrity as a function of the amount of LDH released from the cytosol into the medium 14, 15) . LDH activity was determined from the production of NADH during the conversion of lactate to pyruvate and was determined using an LDH cytotoxicity detection kit (Promega, Madison, WI, USA). Briefly, culture medium was centrifuged at 12,000 rpm for 3min at room temperature to ensure accumulation of cells. The cell-free culture medium (50 mL) was collected and then incubated with 50 mL of the reaction mixture from the cytotoxicity detection kit for 30 min at room temperature in the dark. 1N HCl (50 mL) was added to each well to stop the enzymatic reaction. The optical density of the solution was then measured at a wavelength of 490 nm using an ELISA plate reader. Percent cytotoxicity was determined relative to the control group. All experiments were performed in triplicate.
5
After pre-incubation of RAW 264.7 cells (1.5 10 5 cells/mL) with LPS (1 mg/mL) for 24 hours, the quantity of nitrite accumulated in the culture medium was measured as an indicator of NO production. Briefly, 100 mL of cell culture medium was mixed with 100 mL of Griess reagent (1% sulfanilamide and 0.1% naphthylethylenediamine dihydrochloride in 2.5% phosphoric acid), the mixture was incubated at room temperature for 10 min, and the absorbance at 540 nm was measured in a microplate reader. Fresh culture medium was used as a blank in every experiment. The quantity of nitrite was determined from a sodium nitrite standard curve. All experiments were performed in triplicate. F. japonicum essential oil was diluted with DMEM before treatment. Cells were treated with LPS (1 mg/mL) for 24 h to allow cytokine production. The PGE 2 concentration in the culture medium was quantified using a competitive enzyme immunoassay kit (R&D Systems, Minneapolis, MN, USA) according to the manufacturer's instructions. The production of PGE 2 was measured relative to that following control treatment. All experiments were performed in triplicate.
7
Total RNA from LPS-treated RAW 264. 
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Human dermal fibroblast cells (derived from neonatal foreskin) were acquired from the Amore-Pacific Corporation R&D Center, Korea. Human dermal fibroblast and human keratinocyte HaCaT cells were cultured in Dulbecco's modified Eagle's medium containing 10% fetal bovine serum (GIBCO, Inc., NY, USA) and penicillin-streptomycin at 37 in a humidified 95% air/5% CO 2 atmosphere. Cells were seeded on 24-well plates, and drug treatment began 24 h after seeding. General viability of cultured cells was determined by the MTT assay in which 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide is reduced to formazan in viable cells. After dermal fibroblast cells were incubated with various concentrations of F. japonicum essential oil for 24 h at 37 in 5% CO 2 atmosphere, MTT (1 mg/mL in phosphate-buffered saline, PBS) was added to each well in a 1/10 volume of medium. Cells were incubated at 37 for 3 h, and dimethylsulfoxide was added to dissolve the formazan crystals. The absorbance was measured at 570 nm.
RESULTS AND DISCUSSION
Hydrodistillation of F. japonicum yielded 0.138% (w/w) essential oil based on dry weight. A total of 17 compounds ( ), representing 78% of the total essential oil, were identified in the F. japonicum essential oil. The main constituents in F. japonicum essential oil were 1-undecene (22.43%), 1-nonene (19.83%), b-caryophyllene (12.26%), acopaene (3.70%), g-curcumene (2.86%), germacrene D (2.69%), and 1-decene (2.08%) according to GC-MS and GC-FID analyses.
To investigate the effect of F. japonicum essential oil on NO production, we measured the accumulation of nitrite, a stable oxidized product of NO, in culture media 16) . NO production was examined in RAW 264.7 cells stimulated with LPS in the presence or absence of F. japonicum essential oil for 24 h. Nitrite levels in LPS-stimulated cells increased significantly compared to control. As shown in , F. japonicum essential oil (100 mg/mL) inhibited LPS-induced NO production by RAW 264.7 cells by 25%. There was no basal NO production in cells incubated with only the F. japonicum essential oil without LPS (data not shown). The numbers of viable activated macrophages were not altered by the essential oil as determined by LDH assays, indicating that inhibition of NO synthesis by F. japonicum essential oil was not simply due to cytotoxic effects. Although F. japonicum essential oil also significantly inhibited NO synthesis at 200 mg/ml, this activity may have been caused by severe cytotoxicities (data not shown).
Prostaglandin E2 (PGE 2 ) is an inflammatory mediator that is produced from the conversion of arachidonic acid by cyclooxygenase. In a variety of inflammatory cells, including macrophages, COX-2 is induced by cytokines and other activators, such as LPS, resulting in the release of large amounts of PGE 2 at inflammatory sites [17] [18] [19] [20] . Therefore, we next examined the effects of F. japonicum essential oil on PGE 2 production in LPS-stimulated RAW 264.7 macrophages. When macrophages were stimulated with LPS (1 mg/mL) for 24 h, PGE 2 levels increased in the culture medium. As shown in , F. japonicum essential oil suppressed LPS-induced PGE 2 production at 100 mg/mL. To determine whether the inhibition of LPS-stimulated NO and PGE 2 production by F. japonicum essential NO production was assayed from culture medium of cells stimulated with LPS (1 mg/mL) in the presence of various concentrations of essential oil. Cell cytotoxicity was determined using LDH assay. oil was mediated by the regulation of iNOS and COX-2 expression, RT-PCR analyses were performed. As shown in , iNOS and COX-2 mRNA levels were significantly elevated in macrophages treated with LPS (1 mg/mL) compared to unstimulated cells (control). RT-PCR analyses indicated that F. japonicum essential oil reduced iNOS and COX-2 mRNA without affecting the mRNA of b-actin, a housekeeping protein. Therefore, the inhibition of iNOS and COX-2 gene expression may be one of the mechanisms responsible for the anti-inflammatory action of F. japonicum essential oil. In conclusion, F. japonicum essential oil actively suppressed the expression of genes implicated in inflammation.
In order to apply F. japonicum essential oil as a topical agent, the F. japonicum essential oil must not induce cytotoxic effects on human skin cells. Therefore we examined the cytotoxic effects of F. japonicum essential oil on cultured human dermal fibroblast and keratinocyte HaCaT cells. As shown in , approximately 100% of human dermal fibroblast cells and more than 80% of HaCaT cells were viable when incubated with 100 mg/mL of F. japonicum essential oil, suggesting relatively low cytotoxicity. In conclusion, F. japonicum essential oil has anti-inflammatory effects and induces no cytotoxicity in human cell lines. Therefore, F. japonicum essential oil may be employed as a therapeutic agent to ameliorate skin disease. To the best of our knowledge, this is the first report demonstrating the chemical composition and in vitro anti-inflammatory activity of F. japonicum essential oil and providing a scientific basis for its cosmetic use. 
